Membranous glomerulonephritis was diagnosed in five dogs with patent Dirofluriu immitis infections. Electron-dense deposits were present on the epithelial side of the glomerular basement membrane. An immunofluorescent study demonstrated immunoglobulins in the capillary wall and mesangium of the glomeruli. The glomerular lesions were considered to represent an immune complex form of glomerulonephritis induced by the D. immitis infection.
Reports in the literature indicate that glomerulonephritis is rare in dogs ; however, recent studies [S, 7, 91 suggest the disease may be commoner than previously recognized. The cause of glomerulonephritis in the dog is unknown. An immune complex form of the disease has been recognized in dogs with canine lupus erythematosus [lo], and the disease has been reported in dogs with pyometria [8] . This report documents five cases of membranous glomerulonephritis in dogs infected with Dirojlaria immitis.
Materials and Methods
Five adult dogs of mixed breeding with natural D. immitis infections were studied. Dogs 1 and 2 were given 100 infective third-stage D. immitis larvae 143 and 225 days, respectively, before necropsy by a previously described method [I I]. Before the dogs were killed with barbiturates a clinical examination, complete blood count, and Knott's test were performed. Urinalyses were performed on specimens obtained at necropsy from dogs 1, 3, and 4. The kidneys from 16 additional dogs were studied after glomerular lesions were detected in the previously described dogs. These adult dogs, 10 naturally infected with D. immitis and six dogs that were not infected, were obtained for comparative immunofluorescent studies.
Specimens from major organs and tissues were fixed in 10% buffered formalin. Paraffinembedded specimens were sectioned at 6 pm and stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS), and Masson's trichrome. Kidney specimens were also sectioned at 1-3 pm and stained with the PAS-methenamine-silver technique [4] . For electron microscopy, formalin-fixed specimens of kidneys from dogs I, 2, and 3 were embedded in epon, sectioned on an ultramicrotome, and stained with lead citrate and uranyl acetate. Immunofluorescent studies were done on kidney specimens frozen in liquid nitrogen immediately after the dog died. Frozen sections 4-6 pm thick were fixed in a solution of ethyl alcohol and ether (50/50) for 12 rnin and then washed twice in phosphate-buffered saline (PBS), pH 7.2, for 8 min at 4°C. The sections were then stained for 45 min with rabbit-antidog IgG conjugated with fluorescein isocyanate and washed twice with PBS for 8 min. Examinations for specific fluorescence were made with a UG-1 exciter filter and a 460 pni barrier filter. Photographs were made with a BG-12 exciter filter and a 510-530 pm barrier filter with G A F 500 film. Immunofluorescent studies were done on kidney specimens from dogs 4 and 5 and on the 10 heartworm-infected and six control dogs obtained for this purpose.
Results
Clinical signs were observed only in dog 3 and consisted of abnormal lung sounds and a leukocyte count of 40000/mm3. All five dogs had a microfilaremia at the time of death. The number of adult heartworms in the heart and pulmonary arteries together with the results of analyses for urinary protein are shown in table I.
All five dogs had gross changes in the pulmonary arteries typical of those produced by D. immitis. The five dogs had diffuse changes that involved essentially all the glomeruli. In HE sections the glomeruli were slightly enlarged, but Bowman's space was patent ( fig. 1 ). Capillary lumina were patent, but the capillary walls were thickened in a fairly uniform pattern. Mesangial areas were more prominent, and some glomerular tufts had a slightly lobulated appearance. Glomerular cellularity was essentially normal or slightly increased. Neutrophils were rare, and crescents were not seen. Microfilariae were present in the glomerular capillaries of the five dogs. Tubular changes were minimal and were limited to occasional eosinophilic casts. Dead microfilariae surrounded by histiocytes, plasma cells and lymphocytes were present in both cortical and medullary areas. Sections cut at 1-3 pm and stained with PAS-methenamine-silver had silver-positive spikes projecting from the epithelial side of the glomerular basement membrane (fig. 2 ). In two dogs, the spikes were less numerous, and their basement membranes were thickened and had areas of reduplication or splitting.
Ultrastructurally, the glomerular capillaries were altered by the deposition of an electron-dense material on the epithelial side of the basement membrane ( fig. 3) . Similar deposits were occasionally seen in the mesangial matrix. Some capillaries had extensive deposits, but in others the deposits were widely separated. In dog 3 the deposits were less electron-dense, and the basement membrane material frequently extended outward to incorporate the deposits into the membrane. Generally, the overlying epithelial cell foot processes were fused in areas adjacent to the deposits. Specific fluorescence for IgG was shown in dogs 4 and 5. The fluorescence generally outlined the capillary walls and was also present in mesangial areas ( fig. 4 ). All glomerular capillaries fluoresced with a pattern that varied from granular to nearly continuous. Three of the 10 heartworm-infected dogs without kidney lesions had focal areas that fluoresced in isolated glomeruli. Similar fluorescence was also present in two of the six dogs not infected with heartworms.
Discussion
On the basis of morphologic and immunopathologic features, the glomerular lesions described were classified as an immune complex form of membranous glomerulonephritis. Although no causal relationship was established with the concurrent heartworm infection, it is probable that the glomerular lesions resulted from immune complexes formed in the blood from heartworm or microfilarial antigens and the antibodies they elicited.
To establish a causal relationship with the heartworm infection would require elution of glomerular-bound antibodies that are specific for one or more of the heartworm or microfilarial antigens. Although heartworms do not induce a protective immune response in most dogs, serologic studies have shown that a specific-antibody response develops during the prepatent stages of the disease [ll]; circulating antibodies may not always be demonstrable in dogs with heavy infections [3]. Studies have not been conducted on the release of antigens during active heartworm infections, but the intravascular location of the parasite probably results in a continual release of antigenic material into the blood stream. Experimental studies [2] on immune-complex glomerulonephritis have shown that the formation of large immune complexes depends on a delicate balance of the antigen-antibody concentration and that complexes are formed most frequently when there is an excess of circulating antigens.
Recent studies [6] in mice indicate that the deposition of immune complexes in the glomeruli may be relatively common in so-called normal animals. Whether the immune complexes result in overt lesions and disease probably depends on the immunologic sensitivity of the animal, the amount of antigen in the blood, and the rate at which the immune complexes form. In dogs infected with heartworms, large amounts of antigenic material is probably released into the circulatory system, but most dogs infected with heartworms do not develop progressive renal lesions. Although the lesions observed in the kidney reported here were striking, the proteinuria was mild. This indicates that even though immune complexes may appear in the kidneys of heartworm-infected dogs, only a small percentage of the animals would be expected to develop clinical renal disease.
The development of immune-mediated glomerulonephritis in dogs infected with D. immitis is not surprising as similar lesions have been associated with malarial [I21 and babesia infections [l], which are also intravascular parasites.
